INTRODUCTION
Inflammatory response is characterized by the abundant production of NO and cytokines, such as IL-6 and TNF-α. The pathogenesis of inflammation is a complex process between cells in the immune system, which is regulated by cytokine networks, and many pro-inflammatory genes. Furthermore, the release of pro-inflammatory cytokines by macrophages regulates inflammatory responses (1) . Accordingly, these proinflammatory mediators have been considered important targets for the development of anti-inflammatory agents (2, 3) .
Macrophages play an important role in inflammatory disease through the release of factors that are involved in the inflammation response, such as reactive oxygen species (ROS) and cytokines. Production of these macrophage mediators has been determined in many inflammatory tissues following exposure to many stimulants, including bacterial endotoxin lipopolysaccharide (LPS) (4, 5) . LPS has been commonly used as an inflammatory stimulus in numerous studies involving macrophages. LPS has been reported to induce NO and expression of many inflammatory factors such as IL-1β, IL-6, TNF-α, inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2, through the activation of transcription factor NF-κB (6, 7) . Overproduction of NO induced by LPS through iNOS can reflect the degree of inflammation, and iNOS induction provides a means of assessing the effect of agents on the inflammatory process (8) . NF-κB plays critical roles in the coordination of the expression of proinflammatory mediators and cytokines, including COX-2, TNF-α, and IL-1β (9) .
Plant-derived phytochemicals with potential anti-inflammatory activity are an important and promising group of agents because of their low toxicity and apparent benefit in acute and chronic diseases (10) . Previous studies of Perilla frutescens varieties indicated these plants contain antioxidant, anti-allergic and anti-tumor promoting substances (11) (12) (13) ; however, most of the studies have been accomplished specifically with Perilla frutescens (L.) Britton which is a Japanese plant called 'chajoki'. In this study, we used the Perilla frutescens (L.) Britton var. frutescens which is an annual herbaceous plant found in northeast Asia, with thes Korean name of kkaennip. Both are vegetables and their appearances are similar, but Perilla frutescens (L.) Britton is a kind of herb, while Perilla. frutescens (L.) Britton var. frutescens belongs to the green vegetable group. Although Perilla. frutescens (L.) Britton var. frutescens has been studied for antitumor activity, diabetes and antioxidant activity (14) (15) (16) , there is currently little data about its anti-inflammatory effects. Therefore, this study evaluated the anti-inflammatory effect of Perilla frutescens (L.) Britton var. frutescens in LPS-stimulated RAW 264.7 macrophages. in a 96 well plate and treated with PFE. Following treatment, 100 μL of MTT solution (5 mg/mL in phosphate buffered saline) was added to each well and further incubated for 4 hr at 37 o C. Subsequently, 100 μL of dimethyl sulfoxide (DMSO) was added to each well to solubilize any deposited formazon. The optical density (OD) of each well was measured at 540 nm with a microplate reader.
Measurement of intracellular ROS level
Intracellular ROS levels were measured by the 2′,7′-dichlorofluorescein diacetate (DCF-DA) assay (18) . DCF-DA can be deacetylated in cells, where it can react quantitatively with intracellular radicals to convert into its fluorescent product, DCF, which is retained within the cells. Therefore, DCF-DA was used to evaluate the generation of ROS in oxidative stress. Cells (2 × 10 4 cells/well) were seeded in a 96 well plate and pre-incubated with various concentrations (10, 25, 50 , 100 μg/ mL) of PFE for 2 hr in humidified atmosphere containing 5% CO 2 at 37 o C. After 2 hr of incubation, the cells were incubated with LPS (1 μg/mL) for 20 hr. Thereafter, the medium was removed and the cells were washed twice with phosphate buffered saline (PBS, pH 7.4) and then were incubated with 5 μm DCF-DA for 30 min at room temperature. Fluorescence was measured using a fluorescence plate reader. (19) with bovine serum albumin as the standard. Superoxide dismutase (SOD) activity was determined by monitoring the auto-oxidation of pyrogallol. A unit of SOD activity was defined as the amount of enzyme that inhibited the rate of oxidation of pyrogallol. Catalase activity was measured according to method of Aebi (20) by following the decreased absorbance of H 2 O 2 . The decrease of absorbance at 240 nm was measured for 2 min. Standards containing 0, 0.2, 0.5, 1 and 2 mmol/L of H 2 O 2 were used for the standard curve. Glutathione peroxidase (GSHpx) activity was measured by using the method of Lawrence and Burk (21) . One unit of GSH-px defined as the amount of enzyme that oxidized 1 nmol of NADPH consumed per minute.
Measurement of antioxidant enzyme activities

Measurement of NO level
Cells (2 × 10 4 cells/well) were seeded in a 96 well plate and pre-incubated with the indicated concentrations of PFE in humidified atmosphere containing 5% CO 2 at 37 o C for 2 hr. After 2 hr of incubation, the cells were incubated with LPS (1 μg/mL) for 20 hr. Thereafter, each 50 μL of culture supernatant was mixed with an equal volume of Griess reagent [0.1% N-(1-naphthyl)-ethylenediamine, 1% sulfanilamide in 5% phosphoric acid] and incubated at room temperature for 10 min, The absorbance at 550 nm was measured in a microplate absorbance reader, and a series of known concentration of sodium nitrite was used as a standard (22). Western blotting TNF-α, IL-1β, IL-6, iNOS and COX-2 expression and NF-κB p65 DNA binding activity were determined by Western blot analysis. Total protein for TNF-α, IL-1β, IL-6, iNOS, COX-2 protein levels and nuclear protein for NF-κB were electrophoresed through a 10% sodium dodecyl sulfate-polyacrylamide gel. Separated proteins were transferred electrophoretically to a pure nitrocellulose membrane, blocked with 5% skim milk solution for 1 hr, and then incubated with primary antibodies overnight at 4 o C (23). After washing the blots, they were incubated with goat anti-rabbit or goat anti-mouse IgG HRP conjugated secondary antibody for 1 hr at room temperature. Each antigen-antibody complex was visualized using ECL Western blotting detection reagents and detected by chemiluminescence with LAS-1000 plus. Band densities were determined by an image analyzer ATTO densitograph and normalized to β-actin for total protein and nuclear protein.
Total and nuclear protein extracts
Statistical analysis
The data were represented as mean ± SD. The statistical analysis was performed using SAS software. Analysis of variance was performed using ANOVA procedures. Significant differences (p<0.05) between the means were determined by Duncan's multiple range test.
RESULTS AND DISCUSSION
Cell viability
As shown in Fig. 1 , RAW 264.7 cells viability showed that PFE had no effect on the viability at the concentrations of 0～1000 μg/mL.
Intracellular ROS generation
Inflammatory reactions induce the production of reactive oxygen species (ROS) and chronic ROS production can induce a chronic inflammatory reaction (24) . LPS significantly increases ROS generation in RAW 264.7 cells (p<0.05); however, PFE significantly reduced LPS-generated ROS in dose-dependent manner, as shown in Fig. 2 . PFE at concentrations of 10, 25, 50, and 100 μg/mL reduced the intracellular ROS levels to 157.49%, 147.52%, 124.06%, 109.13%, respectively, compared with LPS alone. High ROS levels induced oxidative stress and inflammatory reactions, which can result in a variety of biochemical and physiological lesions. Thus ROS is important mediator that provokes or sustain inflammatory processes; neutralization of ROS by antioxidants and radical scavengers can attenuate inflammation (25) .
Antioxidative enzyme activities
It is commonly accepted that the central feature of inflammation is the activation of cells that synthesize and release large amounts of ROS (26) . The importance of antioxidant enzymes is the prevention of oxidative stresses by scavenging of ROS. The antioxidant system is comprised of several enzymes, such as SOD, catalase and GSH-px (27) . SOD is an enzyme that has anti-inflammatory capacity because of its ability to scavenge the superoxide free-radical (28) . SOD catalyzes the conversion of superoxide anion (O 2 -) to hydrogen peroxide (H 2 O 2 ), and H 2 O 2 is further reduced to H 2 O by the activity of catalase or glutathione peroxidase. SOD plays a role as a second messenger in the production of inflammatory cytokines and SOD mimetics are known to inhibit cytokine production, including TNF-α, IL-1β and IL-6 as shown in inflammatory models (29) . As shown in Table 1 , the activity of SOD was decreased by LPS, with untreated cells having 30.04 ± 2.41 μM/mg protein while LPS-only cells had 14.35 ± 3.16 μM/mg protein, an effect that was significantly reversed by the addition of PFE (p<0.05), with values ranging from 14.56 ± 2.98, 20.15 ± 5.29, 56.37 ± 3.01, and 75.46 ± 3.01 μM/mg protein with the addition of 10, 25, 50 and 100 μg/mL PFE, respectively.
Catalase might cause anti-inflammatory effects by destroying hydrogen peroxide and by preventing formation of other cytotoxic oxygen species. Also, catalase affects the expression of genes influencing inflammation in vitro and in vivo (30) . As shown in Table 1 , the activity of catalase in the cells was significantly increased (p<0.05) by PFE treatment, with results ranging from 0.29 ± 0.06 to 0.73 ± 0.16 μM/mg protein, with the addition of 10 and 100 μM/mg PFE, respectively.
GSH-px are a family of intracellular antioxidant enzymes that reduce H 2 O 2 and organic hydroperoxides by oxidizing glutathione. These enzymes play a critical protective role in the detoxification of ROS produced during inflammation (31) . Normally, oxygen free radicals are excessively generated during the inflammatory process, and the various roles of antioxidant enzymes help to alleviate the inflammation response by overexposed ROS. In this experiment, the GSH-px activity in the RAW 264.7 cells showed a significant increase (p<0.05) upon treatment with PFE at 10, 25, 50 and 100 μg/mL, resulting in 2.28 ± 0.27, 2.57 ± 0.20, 2.76 ± 0.28, 3.37 ± 0.15 unit/mg protein respectively. Therefore, these data indicate that treatment of LPSstimulated RAW 264.7 cells with PFE enhances antioxidant enzyme activities that may be helpful in attenuating inflammation.
NO production
Nitric oxide (NO) mediates a variety of physiological and pathological processes, including inflammatory reaction. The increased production of NO is harmful, leading to a chronic inflammation condition (32) . The most prominent phenomenon in the process of inflammation is the increase of NO and pro-inflammatory cytokines. NO is known to act as an intracellular messenger that involves in promoting inflammatory responses in many cases (33, 34) . The effect of PFE on NO production in LPS-stimulated RAW 264.7 cells is shown in Fig. 3 . LPS significantly increased NO production in RAW 264.7 cells. In the presence of LPS, PFE significantly reduced NO production in a dose-dependent manner. The inhibitory activity on NO production of PFE was significantly decreased (p<0.05) with increasing PFE addition: with 10, 25, 50 and 100 μg/mL PFE, NO production was 158.80%, 127.21%, 98.14%, 92.62%, respectively, compared with LPS treatment alone. In this study, PFE effectively decreased NO production, indicating PFE might be useful to suppress the inflammatory process.
Effects of PFE on TNF-α, IL-1β and IL-6 expression
Inflammation is related to the overproduction of inflammatory mediators (NO) and proinflammatory cytokines such as TNF-α, IL-1β and IL-6. IL-1β, IL-6 and TNF-α are critical in the inflammatory network (35) . LPS stimulates macrophages to release TNF-α, which then induces release of IL-1β and IL-6 (36) . In this way, TNF-α induces inflammation (37) . IL-6 is a pivotal pro-inflammatory cytokine synthesized mainly by macrophages. It plays a role in the acute-phase inflammation response (37) . IL-1β is also considered to be a pivotal pro-inflammatory cytokine, primarily released by macrophages, and enhances the inflammatory response (38) . The inhibitory effects of PFE on TNF-α, IL-1β and IL-6 production in LPS-stimulated RAW 264.7 cells are shown in Fig. 4 . In this study, the production of TNF-α, IL-1β and IL-6 was increased in LPS-stimulated cells. Treatment of the cells with PFE significantly decreased (p<0.05) the expression of TNF-α, IL-1β and IL-6 in LPS-stimulated RAW 264.7 cells.
In the present study, the production of TNF-α, IL-1β and IL-6 increased when RAW 264.7 cells were stimulated by LPS but the production of these inflammatory factors was inhibited in the presence of PFE. These results indicate that PFE has an inhibitory effect on the inflammation process.
Effects of PFE on NF-κB, iNOS and COX-2 expressions
As shown in Fig. 5 , the production of inflammatory mediators was significantly increased in the presence of LPS. Treatment with PFE suppressed LPS-stimulated expression of NF-κB p65 in RAW 264.7 cells. This suppression of PFE was correlated with down-regulation of iNOS and COX-2. NF-κB is a pleiotropic regulator of various genes involved in immune and inflammatory responses. It has been shown that NF-κB activation is a key factor in the production of iNOS, COX-2 and various cytokines in macrophages in response to LPS (39, 40) . iNOS and COX-2 were increased in LPS-stimulated RAW 264.7 cells, but, by treatment with PFE, those expressions were decreased (p<0.05) in a dose-dependent manner (Fig. 5 ). iNOS and COX-2 are known to produce pro-inflammatory mediators, such as NO, at inflamma- tory sites. In particular, iNOS stimulates the oxidative deamination of L-arginine to produce NO, a potent proinflammatory mediator. COX-2 is another enzyme that plays a key role in the mediation of inflammation by stimulating the biosynthesis of prostaglandins (41) . In this study, PFE restricts the production of inflammatory mediators such as NF-κB p65, iNOS and COX-2 expressions in RAW 264.7 cells, hence PFE may attenuate the process of inflammation.
In conclusion, the present study demonstrates that PFE decreased intracellular ROS levels and increased antioxidant enzyme activities. Also, PFE restricted production of NO, as well as decreased expression of pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) and inflammatory mediators (iNOS and COX-2) in LPS-stimulated RAW 264.7 cells. Thus, this study suggests PFE might be an effective inhibitor of the inflammation process.
